Abstract. The aim of this study was to carry out a systematic review on the existing data within the literature to determine the relation between breastfeeding and caries in Saudi Arabia on preschool children. Using Cochrane search strategy, a search protocol was prepared to review all published data for this study. The search was run on March 2011 in all languages as to identify all eligible studies for our review. Eight articles met the criteria. No significant differences between children with ECC and caries free children regarding the type of feeding. Breastfeeding frequency, feeding on demand, especially during sleep, and late weaning were found to be significant factor in most of the included studies. There were limited number of studies carried out in Saudi Arabia that correlate the possible relationship between breastfeeding and dental caries in preschool children. Therefore, more rigorous investigation in a larger sample size that represents the population, after standardizing and identifying the different confounding factors is required.
Introduction
Early childhood caries (ECC) is a unique form of rampant decay of the primary teeth that affect young and preschool children worldwide. Early Childhood Caries (ECC) is used nowadays in place of the term baby bottle tooth decay and nursing caries that was used before [1, 2] . The prevalence of ECC in Saudi Arabia was reported to be high in many studies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Although the cause of this high prevalence was discussed, it is still unclear. One of the risk factors reported is infant feeding practices including breastfeeding (BF). However, the association between infant feeding practices and ECC still needs further investigations. In some studies done worldwide, breastfed children were found to have low caries prevalence [14] [15] [16] . Others have suggested that prolonged on demand natural BF especially at night produces caries [17] [18] [19] [20] . Similarly, the American Academy of Pediatrics (AAP) considers infants who are bottle or breastfed during their sleep are at great risk for dental caries [21, 22] .
Islam supports and encourages mothers to breast feed their babies up to two years of the baby's life. For that, BF was expected to be the main feeding practice followed in the Islamic communities including Saudi Arabia. Previous studies showed that the duration of BF exceeded 2 years in some areas in Saudi Arabia [23, 24] . However, the incidence of continuation of BF up to 2 years has dropped from 32 % [25] in 1987 to 3.2% in 2000 [26] . Most recently El-Gilany et al. [27] reported that only 24.4% of the infants were exclusively breastfed at the age of 6 months. These changes in the infants' nutritional habits were explained by the rapid socioeconomic and industrial developments in the past few decades [28, 29] . At the same time the drop in BF practices in the last decade comes hand-to-hand with the increase in prevalence of caries.
Therefore, this study aimed to do a systematic review of all the studies carried out in Saudi Arabia that discussed the possible relation between infants' BF practices, and caries development in preschool children.
Material and Methods
A search protocol on the relation between breastfeeding practices and ECC in Saudi Arabia was prepared and discussed. It included search strategy, search engine and inclusion criteria. The electronic search was run on March 2011 in all languages and from the year 1995 to 2011 to identify all eligible studies for the review. The search engines used in the research included; Pub Med, Science Direct, Saudi Dental Journal (SDJ), Saudi Medical Journal (SMJ) and Journal of King Abdulaziz University -Medical Sciences. The key words used were; Saudi Arabia, preschool children, caries, decay, ECC, feeding habits, breastfeeding, and dietary habits. They were used separately and combined. The search strategy is available on request with the corresponding authors.
The first search has identified a total of 107 articles. It included; Pub Med (63 hits), Science Direct (16 hits), SDJ (27 hits) and Journal of King Abdulaziz University -Medical Sciences (one hit). From the 107 articles, 42 were excluded due to duplication. The title and the abstract of the remaining 65 articles were screened by the three authors and compared according to the following inclusion criteria:
1 Studies that discussed the relation between breastfeeding and ECC.
2 Studies that recruited their sample from Saudi Arabia. 3 The sample should include medically free preschool children. 4 The age of included sample should be younger than six years. Total numbers of 44 articles were clear not to meet the inclusion criteria of the review. Full copy of the remaining 21 articles were printed and reviewed carefully by each of the reviewers. Then, the references of all the studies were manually searched.
Furthermore, eleven articles were excluded because they were found to determine the prevalence, severity or distribution of ECC without investigating breastfeeding as a risk factor. While, two of the articles were excluded because they investigated factors other than breastfeeding. In the remaining 8 articles, two had the same authors and used the same sample (Al-Malik et al 2001 and 2003) [9, 13] , only one of them was included in the review Al-Malik et al. ( 2003) . The final included articles were 7 articles.
All the authors of the included articles were contacted for grey literature and inquiries on their data. Six of them replied and two provided their raw data. No unpublished data was found.
Data extracted from included studies include: 1. Study characteristics and design. 2. Sample size and its' description. 3. Feeding practices type and their relation to caries 4. Other caries determinant and risk factors mentioned in the studies.
5. Confounding factors and sources of heterogeneity.
All studies were reviewed by two of the authors according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) [30] to measure their quality and degree of strength. In casecontrol studies, the Quality assessment was carried out using NewcastleOttawa Quality Assessment Scale (NOS) [31] .
Results
A total number of 7 articles were included in this systemic review. Three of them were case control studies [24, 32, 33] and four were cross sectional [8, 9, 34, 35] . Their base populations were recruited from Riyadh [8, [32] [33] [34] , Jeddah [9, 24] and Tabuk [35] .
The definition of ECC varied among the different studies included in the review. In Al-Hussyeen and Al-Sadhan [33] , ECC was defined as having at least two carious lesions on the smooth surface of maxillary incisors with absence of caries in the mandibular incisors. While AlMalik et al. [9] diagnosed rampant caries when caries was found in the smooth surfaces of two or more maxillary incisors [9] . Moreover, Wyne et al. [34] specified that the two carious lesions have to be on the labial surface. A more specific definition was used by Almushayt et al. [24] they defined Severe ECC according to the American Academy of Pediatric Dentistry (AAPD 2006-2007) [21] . They described Severe EEC as the presence of one or more decayed (non cavitated or cavitated lesions), missing tooth due to caries or filled tooth surfaces in any primary tooth in a child 71 month of age or younger. From age 3 through 5, one or more cavitated, missing (due to caries), or filled smooth surfaces in primary maxillary anterior teeth, or decayed, missing, or filled score of ≥ 4 at age 3, ≥ 5 at age 4 or ≥ 6 at age 5 . Samples of the studies included children with ECC or rampant caries, and compared them with caries free children [8, 9, 24, 32, 33] . However, Al Ghanim et al. [32] included children with severe caries based on dmft score (dmft 8 or more) and compared them to children with zero dmft score. All the studies included in the systemic review together with their characteristics were illustrated in Table 1 .
Type of Feeding (Weather Bottle or BF)
Al-Hussyeen and Al-Sadhan [33] , and Almushayt et al. [24] compared the type of feeding in children with ECC and children with no caries. They found no significant differences between the two groups. Moreover, Sabbah et al. [35] reported a lack of association between caries and infant feeding practices including BF.
On the other hand, Wyne et al. [34] reported that 70.8% of the children with ECC were breastfed. This value was found to be statistically significant. Also, Al-Malik et al. [9] found a significant relation between BF and caries in young children. They reported that wholly BF was found to be a significant factor associated with caries and rampant caries [9] .
Breastfeeding Frequency
The frequency of BF was reported by Al-Hussyeen and Al-Sadhan [33] to have a statistical significant relation to caries. They found that almost half of caries free children had a lower feeding frequency of 3-5 times/day compared to 14% of children with ECC.
On Demand Feeding
Al-Hussyeen and Al-Sadhan [33] reported a significantly associated between feeding on demand, rather than on schedule and dental caries in young children. It was found to be significantly practiced more among children with ECC (84.2%) compared to caries free children (66.7%). A significant association between BF on demand, especially during sleep and ECC was also reported by Wyne et al. [34] . They reported that 69.6% of children diagnosed to have ECC are breastfed on demand during sleep.
Breastfeeding Weaning
Al Ghanim et al. [32] found a significant relation between severe caries and BF weaning at or later than 13 months. They reported that 17.9% of caries free children stopped BF after the age of one year, while 33.3% of high dmft score children did not. In addition, Al-Malik et al. [9] found that 43% of the children who were breastfed for duration longer than one year were diagnosed to have rampant caries, which was found to be statistically significant.
Breastfeeding before Sleep
Wyne et al. [34] reported that 58.3% of the children diagnosed to have ECC were breastfed before sleeping. This value was found to be statistically significant. Another study done by Wyne et al. [8] showed that two third of the children 65% diagnosed to have nursing caries were found to be breastfed before sleep and similar percentage 60.8% were breastfed during sleep.
Quality Characteristics of included Studies and Risk of Bias: (Table 2)
All of included studies, except Al-Malik et al. [9] , used convenient sample. Many confounding factors were not standardized including; gender, child SES, mother's education, time of diet initiation and type, child order and oral hygiene status. However, in Al Ghanim et al. [32] , gender was matched in the control and oral hygiene status was determined.
However, other confounding factors were still not consistent.
The quality of case-control studies was assisted using NOS quality assessment. Their mean score was 8 out of 10.
Discussion
The prevalence of rampant caries in preschool children in Jeddah, Saudi Arabia has increased in the last decade. Affecting 20% of 3-6 years old children as reported by Al Amoudi and Salako in 1996 [4] to 34% in 2003 [9] , which is higher than what was reported by other countries such as Sweden [37] , Italy [38] , India [39] , Africa [40] and Brazil [41] .
At the same time, the continuation of incidences on BF up to 2 years has dropped from 32% in 1987 [25] to 3.2% in 2000 [26] . Could this be a coincidence or is there a true relation? Could BF have a protective effect against caries? In order to clarify this dilemma, a systematic review was carried out in the literature to find all articles that studied the relation between BF and caries in Saudi Arabia
In dentistry, controversy still exists whether BF is cariogenic or not. Low caries prevalence among BF children was reported in many studies [14] [15] [16] . While, some other studies reported development of ECC in children with prolonged BF, or who were BF on demand [42] [43] [44] . In Saudi Arabia, few studies were published to investigate the possible association between infant feeding practices including BF and ECC. Most of these studies included small convenient sample [8, 24, [32] [33] [34] [35] except in Al-Malik et al. [9] study who used a large random sample that represented the population.
Moreover, confounding factors were not standardized and most of them included other risk factors that could be the reason for the high caries rather than BF (Table 2) . Similarly, most of the studies included children till the age of six. As the child gets older, many risk factors other than BF may mask the actual effect of BF (Table 1 ).
Four of the included studies were cross sectional [8, 9, 34, 35] , while three were case control studies [24, 32, 33] . Although the data from cross sectional studies were considered in the review, more weight must be given to the case control studies. Only two case-control studies studied the relation between BF and caries. Al-Hussyeen and Al-Sadhan [33] , and Almushayt et al. [24] , found no significant differences between the type of feeding (BF or bottle feeding) and ECC. However, they had nonrandomized convenient samples, and the control group in one of them [24] was inadequate (Table 2 ). Nevertheless, their result agreed with Rosenblatt and Zarzar [45] study, which investigated the relationships between ECC and breast, bottle, or mixed feeding among Brazilian infants and showed no correlation between the type of feeding and ECC .
In addition, Sabbah et al. [35] reported no association between different infant feeding practices (including BF) and ECC. This was explained by the delay eruption of teeth observed in the selected population. Therefore, by the time teeth erupt the child had already made the transition to a more solid food intake [35] . This explanation agreed with the Kramer et al. [46] who conducted a study on a large randomized trial and provided no evidence of beneficial or harmful effects of prolonged and exclusive BF on dental caries at early school age. Moreover, other studies reported that children who were breastfed had lower caries prevalence than those who were bottle fed [47] .
On other hand, in Al-Malik et al. [9] , breastfed children were reported to have significantly higher caries prevalence than bottle fed children. Rampant caries was also found to be more common in children who were breastfed for more than one year. However, Al-Malik et al. [9] study is a cross sectional study with the oral hygiene, gender and other confounding factors not standardized (Table 2 ). In addition, the author explained in the text that this could be the possible effect of the social class and mother's education rather than BF. In the same study, they found that fully BF was practiced more and for longer period among low social economic class children with low mother education. These children have been given sweetened dummies more often, and were less likely to have had their teeth brushed at an early age [9] . Many studies on children's caries have indicated an association between mothers' education and dental caries [14, 44, 50, 51] . In Saudi Arabia mothers' level of education [9, 13, 33, 35] and the family socio-economic status [6, 36] were reported to be risk factors for ECC. This reflects the importance of improving mother's education and social status in order to prevent dental caries in children. Furthermore, the World Health Organization has identified women's educational level and social status as being the major risk factors for child morbidity and mortality [48, 49] .
Wyne et al. [8, 34] reported that BF before sleeping and nocturnal feeding on demand were considered to be a risk factor significantly associated with ECC. This finding is supported by Matee et al. [52] who reported a strong association between caries development and the habit of allowing children to sleep with the breast nipple in their mouths. Nocturnal BF was also found to be correlated with ECC in many other studies [16, 51, 52] . Both Al Ghanim et al. [32] and Al-Malik et al. [9] reported a significant relation between delay in weaning age and dental caries in young children, which agrees with the previous studies that reported a strong association between delay weaning and ECC [14, 42, 44, 53] .
Conclusion and Recommendations
It could be preliminary indicated from the review that wholly BF with limited nocturnal feeding and early weaning does not cause caries. However, the preferred time of weaning, the possible protective effect of BF against ECC and the exact relation between BF and caries is still unclear. There was limited number of studies carried out in Saudi Arabia that investigated the relation between BF and dental caries in spite the high prevalence of ECC. This relation needs to be investigated through further more rigorous investigation in a younger age group with larger sample size that represents the population, after standardizing and identifying the different confounding factors in a case-control cohort study design. .
